Post-wall waveguide structures have attracted a great deal of attention for micro-and millimeter-wave applications. One of the waveguide's applications is a slotted waveguide array. In order to design the slotted array, the characteristics of a slot unit alone on the post-wall waveguide should be investigated. In this paper, a method for extracting the S-parameters of a unit slot is proposed. This simple method requires only two kinds of waveguides: waveguides without a slot unit and waveguides with a slot unit. Three kinds of slot units are fabricated, and the extracted results show a high level of agreement with predicted (simulated) results. With this method, the equivalent slot length can also be found.
Ⅰ. Introduction
In recent years, a post-wall waveguide structure, also called a substrate integrated waveguide (SIW), was introduced for high frequency applications [1] ～ [8] . The post-wall waveguide is a synthetic dielectric-filled rectangular waveguide implemented in a metal-grounded dielectric substrate; narrow waveguide walls are made of densely arrayed metalized posts or via-holes, as shown in Fig. 1 . One of the waveguide's applications is a slot array antenna; slots are etched on the top plate of the substrate [9] ～ [13] . Hence, all the waveguide structures can be easily manufactured with printed circuit board (PCB) technology.
The slotted waveguide array design is usually carried out in two steps: slot unit design and array design. For accurate slot array design, the characteristics of the slot unit should be investigated. This investigation can be performed by using commercial electromagnetic (EM) simulators, such as HFSS and CST MWS, or a numerical method, such as the Method of Moments (MoM). In the practical manufacturing of the designed slotted waveguide array, the equivalent slot length is usually adopted [14] , [15] . This length accounts for errors in manufacturing, the dielectric constant of the substrate, substrate height, slot thickness, etc. This length is given empirically and determined through several test fabrications. This paper discusses a simple extraction method for characteristics in terms of S-parameters for a slot unit only on a post-wall waveguide from measured data. For the proposed extraction method, two kinds of waveguides are fabricated: one is no slotted waveguide with two transitions as a reference fixture and the other is a waveguide with a slot unit whose S-parameters should be extracted. In order to demonstrate the proposed method, three kinds of radiation slots are considered: a transverse slot (TS), a reflection-canceling slot pair (RCSP) and a longitudinal slot (LS) unit, as shown in Fig. 2 . The extracted results show a high level of agreement with the results simulated (predicted) by using HFSS and verify the potential of the proposed method for extracting the characteristics of the slot unit. From the results, the slot equivalent length is found to be 0.1 mm for practical slotted post-wall waveguide array [12] , [13] .
Ⅱ. Procedure of S-parameters Extraction
Fig . 3 explains the mathematical extraction of the S-parameters for the slot units alone on the post-wall waveguide from measured data. In order to follow the extraction procedure, two waveguides are required: one is the waveguide without a slot unit, which is used as a reference fixture, and the other is a waveguide with a slot unit whose S-parameters are expected to be extracted. Both waveguides have two step structural transitions on both sides for two-port measurement using a network analyzer [16] , [17] . The distance of the slot units from the transition is set to be long enough so that the reflection (S 11 ) from one transition may be extracted via the time-domain gating technique with the analyzer. The entire extraction procedure is as follows and, is analogous to the de-embedding technique [18] ～ [22] : the technique is used to extract the characteristics of RF devices, such as the amplifier and transistor.
Step 1: Fig. 4 shows the waveguide without a slot unit, but with two transitions on both sides. The S-ma- trices for the half of the waveguide, including a transition, and , are expressed in the form of (1).
(1)
The matrices, and can be calculated from the measurement with the relations written as (2) and (3), where and stand for the measured reflection and transmission parameters of the waveguide. Since can be measured by using the time-domain gating technique with a network analyzer, two unknown parameters ( can be solved by using the relations of (2) and (3).
(2) (3)
Step 2: Fig. 5 shows the slotted waveguide with two transitions for two-port measurement. All the S-parameters are converted into T-parameters, and then, the cascade property of the T-matrix provides us with the formulation of (4). The T-parameters for the slot unit only can be calculated from the formulation of (5), which is derived from (4) by using the well-known matrix inversion property.
(4) (5) where, , , , and are converted T-matrices from the S-matrix of the slot alone( ), ,
, and overall measured S-matrix of the slotted waveguide with two transitions, respectively. The matrices of the right side of (5) are all obtainable from step 1 and the measurement of the slotted waveguide in Fig.  5 . Hence, is calculable.
Step 3: The S-matrix of the slot alone, , is mathematically extracted by converting , which is obtained in step 2. The relationship between the S-and T-matrices is briefly explained in the Appendix.
Ⅲ. Results Extracted from the Measured Data
We fabricated the proto type slot units on the postwall waveguide to demonstrate the proposed extraction method, and photos of these are shown in Fig. 6 . The post-wall waveguide with a post-wall width a =7.11 mm, a post diameter d =1.2 mm, and a post spacing p =1.8 mm was arranged on the fiberglass-reinforced PTFE substrate, whose thickness b =3.2 mm and dielectric constant =2.17. The parameters of the three kinds of slot units considered in Fig. 2 are listed in Table 1 . They are selected to radiate 35 % power at 25.6 GHz.
Figs. 7, 8, and 9 present the extracted reflection and transmission characteristics of each slot unit. The predicted (simulated) results are also presented in order to verify the proposed extraction method. The extracted results are in high level of agreement with the predicted results for all slot units with an equivalent slot length of 0.1 mm [23] . In Fig. 7 , the measured results before extraction are also presented in order to demonstrate the successful extraction procedure. From them, we come to the conclusion that the effects of transitions are removed and that the characteristics of the slot unit alone are clearly extracted in terms of the S-parameters. 
Ⅳ. Concluding Remarks
In this paper, the characteristics of a slot unit alone on the post-wall waveguide are extracted in terms of Sparameters by using the proposed method. In order to demonstrate the extraction method, two kinds of waveguides are fabricated: a no slotted waveguide and a slotted waveguide. Three kinds of typical radiating slot units, such as transverse slot (TS), reflection-canceling 
Appendix
The definitions of two-port network shown in Fig. 10 in terms of S-and T-parameters are expressed as fo- (7) The conversions relations between the S-matrix and the T-matrices are valid as follows. 
